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Abstract 

Fiber optic systems are being deployed in locations where explosive gas atmospheres are normally present or are present under fault 
conditions. The National Institute for Occupational Safety and Health, Pittsburgh Research Laboratory (NIOSH, PRL) conducted a 
study of laser safety in potentially flammable environments. Researchers conducted experiments to estimate the mean and standard 
deviation of laser powers needed to ignite 6% methane-air atmospheres using single mode optical fiber tips covered by two types of iron 
oxide (Fe304 and (FeMn)203) mixed with a ceramic adhesive. The iron oxides, heated by a 1064 nm continuous wave laser, ignited the 
methane-air mixtures ,at similar powers. The minimum igniting power and maximum non-igniting power (10 tests) were 407 and 
350 mW, respectively, using a 62.5 pm fiber. Laser beams guided by 125 and 80 pm diameter cladding single mode fibers produced similar 
methane-air igniting powers. Ignition was not observed using coal particles at  powers that produced ignition with the iron oxides. 
Threshold ignition delays using the single mode fiber were approxinlately proportional to the inverse square of the igniting power. 
Ignition delays were significantly longer than the reported activation time for a comnlercial fiber optic power limiter. Comparisons are 
made with the results of other researchers. 
Published by Elsevier Ltd. 
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1. Introduction 

Fiber optic systems are being deployed in locations 
where explosive gas atmospheres are normally present or 
are present under fault conditions. For example, fiber 
deployment through sewer systems and natural gas lines is 
occurring to overcome the "last mile" hurdle for metro 
fiber optic systems (Jeyapalan, 2002). Natural gas consists 
mostly of methane gas (typically greater than 85%),  with 
variable and much smaller amounts of ethane, propane, 
other hydrocarbons, and hydrogen. Natural gas line faults 
produce flammable gas-air mixtures. Natural gas migrat- 
ing from gas line faults into sewer systems has caused 
explosions. Sewer systems may contain flammable concen- 
trations of methane-air generated from sewage. 
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The optical radiation guided by fiber optic systems can, 
under certain conditions, be considered as a potential 
ignition source for explosive gas atmospheres. For 
wavelengths in the visible through mid-infrared spectrum, 
optical ignitions occur most easily when a target contacts 
the beam and converts the optical energy to thermal 
energy. For small beam diameters, the best targets for 
causing ignition absorb most of the optical radiation, do 
not vaporize as they become hot (i.e. do not dissipate 
thermal energy prematurely), and match the dimensions of 
the beam for maximum heat generation. An optical fiber 
tip that becomes dirty can form a target approximating 
these conditions. 

One method of preventing optical ignitions is to limit the 
beam power below levels needed to cause ignition. This 
method may be most advantageous where the laser beam 
may be exposed to a suitable target and flammable gas-air 
mixture under normal or fault conditions. For example, a 
fiber optic cable within a natural gas line that is ruptured 
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